Thirty three pairs of chest radiographs taken up to 10 years apart were obtained for 33 subjects suffering from asbestosis who had applied for compensation to the Pneumoconiosis Medical Board of Western Australia. Multiple films from the period before the first radiograph in each pair, from the intervening period between the two, and from the period subsequent to the second radiograph were also available and all films were read by two independent readers according to the 1980 ILO classification of pneumoconiosis. Films were read twice as side by side pairs ten years apart, twice as two separate randomly ordered films ten years apart, and once as part of the full series of all available chest radiographs on each subject to assess which method provided the best consistency (between reader variation) and repeatability (within reader variation). judging by consistency, the full series method performed as well as either of the other methods when assessing radiographic changes and significantly better when assessing the level of profusion of small opacities.
The ILO/UICC classification of radiographs for the pneumoconioses' is well established for describing and quantifying radiograph appearances in subjects occupationally exposed to asbestos and other dusts.' Using this system, the decision on which strategy of reading to use when examining large series of chest radiographs for the presence and progression of pneumoconiosis will depend on the objectives of the study being performed and on which method will provide the most valid information.
It has been suggested that if more than one film is available use of the additional film(s) may bias the estimate of severity of the film of interest, implying that all films should be read independently and in random order.5 This question does not arise in a prevalence survey if there is only one film available for each person and independent randomised reading and scoring to the ILO/UICC classification is the only possibility.
In assessing progression of radiographic pneumoconiosis from serial films there are several choices available. The use of side by side reading to the ILO/UICC classification irrespective of the particular objectives of the study is one compromise that does not meet the objectives of all studies because of the possible bias referred to above. Direct progression scoring (DPS) alone does not provide prevalence data as it does not include ILO/UICC scoring at the time of determining progression. 6 Independent random readings of all radiographs in a series, taken singly or in pairs, appears much more likely to demonstrate regression of changes6 and has been shown to result in larger estimates of progression than direct progression scoring in one study.5 Both methods, however, may suffer as a result of loss of the information that additional radiographs could provide in interpreting the film of interest especially if the quality of the radiographs is inconsistent.
Since there is no independent and absolute standard by which to judge the true degree of pulmonary fibrosis on any occasion there is no acceptable method for testing or measuring the validity of the strategy of assessing radiographic abnormality or change. Therefore this study was designed to assess de Kierk, Musk, James, Glancy, Cookson which method is superior as judged by consistency (inter-reader agreement) and repeatability (intrareader agreement) in subjects who had made a compensation claim to the Pneumoconiosis Medical Board (PMB) of Western Australia (WA) for asbestosis, who had been exposed to crocidolite from Wittenoom Gorge, WA, and who had serial chest radiographs covering a period of at least 10 years.
Subjects
Thirty three of the 384 men who had applied for compensation, consisting of all those who had been awarded some compensation for asbestosis by the Pneumoconiosis Medical Board ofWestern Australia and for whom at least one pair of plain chest radiographs taken 10 years apart after the start of employment could be located, were included in this study. In addition, each man had at least one film taken during the periods before, between, and subsequent to the times of the relevant pair. Characteristics of these 33 men are given in Performance achieved by the different methods was assessed by use of log linear models fitted to the cross classification tables of both inter-reader agreement (consistency) and intra-reader agreement (repeatability) following the guidelines suggested by Tanner and Young7 and using the computer program GLIM.8 Table 2 shows some examples of the cross classification tables used: firstly, the agreement between reader 1 and reader 2 using the random singles method on the second occasion and the reader agreement using the full series method and, secondly, within reader agreement on assessment of change using the pairs method for both readers.
To ensure independence of the observations only the later of each pair of radiographs was considered for analysis either in terms of the level of radiographic abnormality on that radiograph or the change from the one 10 years earlier.
Tanner and Young discuss six basic models which may be applied to the two way cross classification of ordered scores given by two observers (extensions to more than two observers or analyses by occasions instead of observers are straightforward7):
( For all three models the resulting coefficient estimates, when exponentiated, may be interpreted as relative disagreement rates. Thus a value of 10 implies that observers are equally likely to agree as not to agree (at a particular level) and the level of agreement is only what would be expected by chance (equivalent to a kappa of zero). A value of 0-5 implies that observers are twice as likely to agree as not to agree and a value of 0 1 implies that observers are ten times as likely to agree as not to agree-that is, the smaller the coefficient the better the agreement. Goodnesss of fit of the different models was assessed by comparison of the residual deviance with the appropriate chi-squared distribution and the statistical significance of additions to each model was estimated by the corresponding difference in residual deviance. 8 There were four sets of tables to which these models were applied. The two sets of tables of agreement between and within readers on the ILO classification of the second film in each pair, and the two sets of tables of agreement between and within readers on the change from the first film to the second film graded as described above. After fitting rows, columns, and each of the above disagreement terms separately, the same additional procedure was followed. Firstly, the interaction between method of reading and the particular disagreement term was added, then the interaction between the disagreement term with reader (for repeatability analyses) or occasion (for consistency analyses), and, finally, the interaction of these terms with the method used was added. These latter effects were used to assess reader quality. A further assessment of reader quality could be made within this same framework by comparing the same reader across different methods. This was not done here because the study aimed to compare methods, not readers.
Kendall's tau correlation coefficient was also calculated for the table for each method"' averaging across occasions for the consistency tables and averaging across readers for the repeatability tables.
Results

SINGLE RADIOGRAPHS
For all comparisons the goodness of fit of the first model (homogeneous disagreement) and the second model (systematic direction bias) was poor (p < 0 01) whereas the fit of the third (symmetric band disagreement) was always reasonable (p > 0 10). Addition of a term for systematic direction bias to the symmetric band model had little de Klerk, Musk, James, Glancy, Cookson tNo disagreement at this level.
effect in any of the four sets (p > 0 8 in all cases). method and occasion of reading were not significant Table 3 (a) shows the relative disagreement rates (p > 0 2). for the first set of tables, that of agreement between With respect to repeatability (table 3b) , the ranreaders on the level of profusion of small opacities on dom singles method appeared to perform better than the final film of each pair. The first two cross the pairs method with a relative disagreement rate of classifications in table 2 are examples of the tables 0-29 compared with 0 4 for disagreement by one used. Whereas the pairs method and the random major category, although the difference could have singles method are equally good clearly the full series been due to chance (p = 0-4). Addition ofinteraction method performs better than either of them with a terms between readers and methods were not sigrelative disagreement rate 0-16 (95% CI 0-07-0 38) nificant either (p > 0 6). Interestingly, the pairs for disagreement by one major category and no method showed better agreement between readers disagreement of two or more. The better perform-than within, whereas the opposite was true for the ance of the full series method appeared statistically random singles method. significant given the significant test of heterogeneity of the symmetric band terms over the different RADIOGRAPHIC CHANGES methods. Addition of interaction terms between The rates of disagreement were higher for all meth- (table 4a) . The relative disagreement rates for consistency were similar for all three methods. Repeatability when assessing changes was not much worse than when assessing level (table 4b) . There was, however, a significant interaction between reader and method (p = 0 01). The second reader had a much higher rate of disagreement than reader 1 using the pairs method or than either reader 1 or himself using the random singles method. Part ofthe difference may be seen in the lower two cross-tabulations in table 2.
Kendall's tau correlation coefficient showed a similar pattem being worst (lowest) for between reader agreement on changes, slightly better for within reader agreement on changes, better still for both between and within reader agreement on profusion level using the pairs and random singles methods, and best of all for between reader agreement in assessing profusion level using the full series method. Agreement between readers was reasonably close to and comparable with other studies which used Kendall's tau to estimate agreement.'4 Discussion Using the criterion of consistency between readers, this study has shown the superiority of using all available films for each person when assessing the degree of abnormality of single films (as in a prevalence study). It has also shown that consistency in assessing the amount ofprogression in ILO grades of abnormality between films over 10 years is at least as good using this method as it is when grading the films independently or just as a pair. There appeared to be little or no difference in consistency or repeatability when scoring films as ordered pairs simultaneously or as single films separately.
Liddell and Morgan have reviewed the methods of reading films for assessing progression and recommend side by side reading ofpairs because it is simple and as good as other methods.6 The results of this study do not contradict this recommendation for evaluating progression, especially when time savings are considered. Direct progression scoring has been examined by McMillan et al with the suggestion that using the full series together with the ILO classification may bias the differences.5 There is certainly no evidence ofthis bias here unless it is the same for both readers. Direct progression scoring suffers from the drawback that no ILO grade is recorded unless it is car-ried out as a separate exercise and the method yields less progression ofsmall opacities than random reading of single films. It is thus (surprisingly) a less sensitive method for recognising progression.
Side by side reading with disguise of the temporal order of the films has also been attempted but in the current study, as in most, the older films were easy to recognise.
The results ofthis study are therefore in agreement with the previous studies with regard to assessing progression but clearly show the superiority of the full series method when scoring individual radiographs. Given that most studies of radiographic change will also need to include assessment of the level of profusion in individual radiographs it is concIuded that, where possible, the inclusion of greater numbers of films in the procedure is recommended. 
